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b-Diketiminates have unequivocally been demonstrated to be a highly versatile and successful ligand class, capable of enforcing unusual geometries and stabilizing highly reactive metal-ligand bonds. 1, 2 The success of this ligand system stems, in part, from a ready electronic tunability and high steric modularity, accessed through generally straightforward syntheses. 1 Recently, it has been shown that b-diketiminates also possess redox-active attributes. 3, 4 However, these attributes are limited 5 and can be difficult to identify or assess due to an inherent ''hidden non-innocence. '' 3 As the role of redox-active ligands in catalysis (especially with inexpensive base metals) is becoming increasingly important, 6 the limitation in redox capabilities of b-diketiminates can be a major drawback in regard to new catalytic applications that involve multi-electron transformations.
Hicks and co-workers have recently reported the synthesis of binucleating N,N 0 -diarylimines, or ''nindigo,'' which consist of two linked iminoindole units (cf. eqn (1)). 7, 8 This architecture, based on an indigo-type skeleton, gives rise to two b-diketiminate type motifs that are fused through a central CQC bridge. As with b-diketiminates, the imine substituents of nindigo are highly modular. Nonetheless, in contrast to the diketimine class, nindigo itself can be readily oxidized by two electrons to produce a dehydronindigo form. 7 Indeed when nindigo is coordinated to Pd(II) in the form of Nin[Pd(hfac)] 2 (Nin 2À = nindigo; hfac À = hexafluoroacetylacetonate), this complex exhibits several electrochemical features that are nindigo ligand-based. 7, 8 Intrigued by these novel properties and its relation to b-diketiminates, we have begun to explore the chemistry of nindigo with redox-active first row transition metals (namely cobalt) towards the development of electron-rich metal platforms. Through the synthesis of new highly-reduced cobalt-nindigo complexes, we establish here that the nindigo scaffold can support a low-coordination environment at two metal centers while exhibiting multiple redox activity. H NMR spectrum in C 6 D 6 reveals eight paramagnetically shifted resonances ranging from À26.9 to 80.9 ppm, in accord with a two-fold symmetry. The room temperature (RT) solid-state effective magnetic moment (m eff ) of 1 is 6.51 m B . This value is higher than the calculated spin only value of 5.48 m B for two non-interacting S = 3/2 centers, but within the range of known values for high spin Co(II) complexes with high magnetic anisotropy. 9 In the solid-state structure of 1z (Fig. 1) , the cobalt ions are low-coordinate, displaying a rare example of a trigonal Fig. 1 Solid state molecular structure of 1 with 40% probability ellipsoids. Asterisks indicate symmetry generated atoms. planar geometry. 2 The coordination environments at each cobalt in 1 (e.g. N1-Co1-N2 = 95.81(4)1) are comparable to those found for other three-coordinate Co(II) b-diketiminates. 10, 11 Notably, the nitrogen atoms of the silyl amide ligands are severely displaced (0.98 Å ) from the nindigo ligand plane. As shown by the space-filling model (see ESIw), this displacement likely results from steric repulsions arising from close contact of the methyl groups of both the arylimine and silyl amide substituents. A similar distortion has been noted for the related
11 Finally, the metrical parameters of the ligand backbone in 1 are unremarkable and consistent with the parameters previously established for the nindigo dianion. 7, 8 This suggests each cobalt ion to formally possess a 2+ oxidation state.
The cyclic voltammogram (CV) of 1 in THF 12 (Fig. 2a ) displays two reversible reduction waves at À1.45 and À2.00 V with an additional reversible oxidation feature at À0.12 V (referenced vs. FeCp 2 0/+ at 0.0 V). As calculated by the cyclic voltammetric data, the comproportionation constant K c for 1 is 2 Â 10 9 (DE 1/2 = 550 mV) which is large, suggesting a significant amount of charge delocalization (Class III) in the mixed valent state. 13 Interestingly, this differs from the solution phase redox properties of the fluorinated b-diketiminate Pd(II) nindigo systems examined by Hicks (i.e. Nin[Pd(hfac)] 2 ), which show only one reduction (ca. À1.3 V) and two oxidation waves (ca. 0.0-0.6 V). 7, 8 Given the potential for ligand and metal based redox activity in 1, its reactivity towards chemical reductants was explored to ascertain the locus of the two cathodic electrochemical features.
Treatment of 1 with one or two equiv. of metallic potassium, in the presence of a catalytic amount of anthracene, generates the reduced species [K(DME) 4 2À are insoluble in non-polar solvents and sparingly soluble in arenes but readily soluble in polar solvents such as DME or THF. The CVs of [1] À and [1] 2À in THF are each identical to that of 1 (Fig. 2) , confirming that [1] À and [1] 2À are representative of the electrochemical reduction products observed in the CV of 1. 2À moiety, coordinating above and below the nindigo ligand plane (Fig. 3) . Inspection of the bond lengths reveals significant internal changes within the nindigo scaffold. In particular, both the central C-C bond and the imine C-N bond appear sensitive to the redox state. For instance, the C1-C1 0 bonds of [1] À and [1] 2À (Table 1 ) elongate by ca. 0.02 and 0.10 Å , respectively, over that of 1, signalling increased single bond character. In comparison to the CQN bond of the imine motif of 1, the C2-N2 distance lengthens by ca. 0.04 and 0.13 Å in [1] À and [1] 2À , respectively, in accord with formal reduction of the imine into an anilide moiety. Moreover, coordination of the K + cations to the nindigo backbone of [1] 2À serves as a clear indication that the indole units possess pyrrolide character implying negative charge build-up on the ligand. 15 Finally, the UV-vis/NIR spectrum (see ESIw) of [1] À reveals the presence of a broad band in the NIR at 1174 nm (e = 3108 M À1 cm
, which we tentatively assign to a charge transfer band associated with the presence of a nindigo based radical. Altogether, these results are consistent with ligand centered reductions, rendering the nindigo ligand in [1] À a radical trianion and, in [1] 2À , a closed-shell tetraanion containing pyrrolide-anilido functionalities.
While nindigo possesses both the geometric and steric elements of b-diketiminates, it stands apart in that it can be readily reduced by up to two electrons without ligand degradation. This redox ability is a direct result of the special 1,4 relationship of the imine nitrogen atoms, which effectively resemble an 'unzipped' paraquinonediimine. In b-diketiminates, the nitrogens bear a 1,5 relationship which, upon reduction, demand accumulation of charge on one carbon. 5 As a consequence, this makes such a reduction energetically demanding, promoting radical build-up at one site (the metal or atom of the ligand). Confirmation of these principles, especially the 1,4 cross-conjugation involving the N-aryl groups, is evinced from the notable structural changes that occur within the nindigo framework upon reduction, therefore contrasting the ''hidden non-innocence'' of b-diketiminates. 3 Thus, the two electron reduction of the ligand converts a diaza-triene to a diamido butadiene as the triene p* orbitals are progressively populated.
Clearly, nindigo is not merely a b-diketiminate variant but, as shown, exhibits rich redox chemistry within its fused b-diketiminate architecture. In accord with this, we are currently exploring the chemical oxidation of 1 towards the isolation of the putative [dmp 2 Nin{Co(N{SiMe 3 } 2 )} 2 ]
+ species observed in the CV traces of 1- [1] 2À centered at ca. 0 V (Fig. 2) . Furthermore, complex [1] À , with the ligand radical sandwiched between the two paramagnetic Co(II) centres, may give rise to interesting electronic and magnetic properties. Finally, as Hicks has demonstrated that nindigo can be oxidized by two electrons, 7 we believe that in its tetraanionic form, the nindigo system possesses the capacity for the overall transfer of four electrons. To this end, we are studying the reactivity of 1- [1] 2À as well as the redox chemistry of nindigo with other late first row transition metals.
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